Bettongs give birth on the night that their large pouch not occur and the pouch becomes occupied by the two young finally vacates the pouch. We have hypothesized young, movements of the larger young would kill or that hormones associated with this birth are also inmaim the newborn. It has been our hypothesis that physi- (PGF 2a ) and oxytocin/mesotocin; Renfree et al., 1996) leads us to suggest that oxytocin exerts its behavioral effects via prostaglandin synthesis. These experiments also cause pouch vacation, thereby preventing reentry by are the first to demonstrate an effect by oxytocin on the larger young.
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Prostaglandins are the key regulators of birth in the tammar wallaby, and inhibitors of PGF 2a synthesis delay birth (Renfree et al., 1996) . It has also been shown that PGF 2a has an important role in the induction of The Tasmanian bettong is a small macropodid marbirth (parturient) behavior in the Tammar wallaby Macsupial endemic to the island of Tasmania in southeastropus eugenii (Hinds et al., 1990; Shaw, 1990) and in ern Australia. The reproduction of this species is similar brushtail possums Trichosurus vulpecula and bandicoots to that of other kangaroos. The length of the estrous (Gemmell, MacFadyen, and Rose, 1991) . cycle (22.1 days) is slightly longer than the gestation Recently, Renfree et al. (1995) have demonstrated that length of 21.5 days (Rose, 1987) . The bettong mates the oxytocin receptor antagonist CAP449 (atosiban; Ferpostpartum and the resultant blastocyst remains quiesring Pharmaceuticals) delays birth and the associated cent within the uterus until near the end of the pouch prostaglandin surge in the tammar wallaby. However, occupancy by its older sibling (Rose, 1987) . The durathey concluded that the interactions between PGF 2a and tion of pouch life is 105 days and final pouch vacation oxytocin (mesotocin) remain unclear. (emergence) occurs on the same night that the new Oxytocin and prostaglandin F 2a are involved in the young is born, after which the mother enters postparbirth process in most mammals (primarily by causing tum estrus again (Rose, 1986) . Shortly thereafter, the uterine contractions and cervical softening). This paper mother has a large young outside the pouch but still presents data on the role of these hormones in parturisucking milk, a newborn young attached to a teat in ent behavior and pouch vacation in the bettong. the pouch, and a quiescent blastocyst in utero.
Birth behavior has been described in several macThe final emergence of the larger young from the pouch ropodid marsupials, e.g., the red kangaroo, Megaleia is accompanied by pouch shrinkage and a tightening of rufa (Sharman and Calaby, 1964) , and the tammar walthe sphincter muscle surrounding the pouch and it is laby (Renfree et al., 1989) . It consists of vigorous licking obvious that the large young must leave the pouch prior to the arrival of the newborn (Rose, 1986) . Should this of the urogenital opening and pouch and the adoption of the ''birth position''; usually the back is supported repeated, but this time an injection of 0.1 ml Finadyne (Flunixin, 50 mg/ml; Schering Corp., USA), an inhibitor and the hind limbs extended forward with the tail passed between them.
of PGF 2a synthesis, was administered intramuscularly 45 min prior to the oxytocin injections. Observations of the bettong's behavior after oxytocin injection were made over the following 60 min. Although some mar-
METHODS
supials synthesize mesotocin rather than oxytocin as the prevalent peptide, its presence in the bettong is not Animals known as yet. All animals were active and appeared healthy, at no stage of the experiments did the animals Animals were obtained from our breeding colony housed in the Zoology Department at the University of appear sick, and those mothers with pouch young continued to suckle their young beyond pouch vacation. Tasmania. Animal husbandry has been described in Rose (1982) . Food consisted of solid dog food (Pal), apple, and bread. Lighting conditions were 12 hr of Statistical Analysis light /12 hr of dark.
Six bettongs with 12-week-old pouch young were The measurements made every 10 sec on pouch conchosen for the experiment on pouch contraction; the traction were totaled for each experiment (i.e., for each age of pouch young was estimated using the formulae saline and each PGF 2a administration) and each animal in Rose (1989) . Pouch young were removed and placed
per week and then were tested for significance using in an humidicrib (they were replaced in the pouch after two-factor repeated measures ANOVA and post hoc the experiments); a condom filled with 20 ml of air via Tukey multiple comparison tests. In the second series a three-way tap was attached to a digital blood pressure of experiments a two-factor ANOVA was conducted recorder and then placed inside the pouch. Animals (after log transformation of the data) to test for treatwere lightly sedated with an intramuscular injection ment effects in the latency (time from injection until first (im) of Ketalar, 10 mg.kg 01 (ketamine hydrochloride; appearance of birth behavior) among the three animal Parke-Davis Co., Sydney), before being given an injecgroups A, B, and D, and a paired Student's t test was tion of saline (0.1 ml im), and recordings were obtained used to compare the data for pouch vacation (group every 10 sec for 10 min. Subsequently and within 5 min, C). Group C was not tested against the other three an injection of 0.1 ml of PGF 2a (1 mg.kg
01
) was given groups as in all cases pouch vacation occurred prior to intramuscularly. The changes in pressure every 10 sec any birth behavior. for 10 min after injection were recorded. The experiments were repeated in Weeks 13 and 14 (just prior to final pouch vacation).
RESULTS
For the second series of experiments 20 bettongs chosen for their docility (to facilitate behavioral observaPouch Contraction tions) were obtained from our breeding colony. Five females were mature but without pouch young (group Figure 1 presents the data on pouch contraction for one bettong after injection of saline and then PGF 2a . The A), 5 were immature, including 2 young within 3 weeks of leaving the pouch (group B), and 5 females had contractions were more powerful nearer final pouch vacation. Two of the six animals failed to relax suffipouch young within the last 3 weeks of pouch life (group C); five adult males were also used (group D).
ciently to perform the experiment. The mean change in pressure after injection of saline was obtained and In this series of experiments, single injections of saline (0.1 ml im) were followed 1 hr later by a single injection compared with the change after PGF 2a in the other four animals, and these data are presented in Fig. 2 . Prostaof PGF 2a (im) (0.05 mg. kg 01 Prostin, Upjohn, Rydalmere, NSW) in all four groups and the animals were glandin injection has caused a significant increase in contraction (df Å 1,6; F Å 5.96; P Å 0.02; compared with placed in a glass arena with a base of approximately 1 m 2 . The animals were observed for approximately 1 hr, the saline injection) that increased with the period of pouch life (df 1,2; F Å 7.95; P Å 0.006). There was no particularly for the adoption of the ''birth position.'' These experiments were then repeated on the next day significant interaction between saline and PGF 2a treatment with week of pouch life (P Å 0.486), indicating using oxytocin (im) (0.5 IU Syntocinon, Sandoz, Basle Switzerland) instead of prostaglandin. Subsequently, that after both saline and PGF 2a injections, animals showed an increased mean contraction with week of within 24 hr the experimental injection of oxytocin was below for results for group C) and the males in group D. After a latency period (Fig. 3 ) those animals abruptly adopted the ''birth position'': they crouched with hips flexed (usually propped up against a wall or in a corner) with their tail forward between their legs and began grooming. Grooming and licking usually started at the tail base followed by licking of their urogenital sinus up to the opening of the pouch. The inside of the pouch was then cleaned. This behavior sequence was repeated throughout the 1-hr observation period, sometimes continuously or with short durations of 2 -3 min of rest. This sterotyped behavior was never seen after the injections of saline when the bettongs either rested pouch life. Post hoc multiple comparisons showed that in the animals treated with PGF 2a there was a significant difference between the mean contractions in Weeks 12 and 14 (P Å 0.016) but that Week 13 was not significantly different from either Week 12 (P Å 0.075) or Week 14 (0.153). The contractions could be felt if a finger was placed into the pouch and appear to involve not just the pouch sphincter muscle but also the abdominal and pouch skeletal musculature (including the panniculus carnosus and cremaster), as suggested by Langworthy (1932) and Bolliger and Canny (1941) . havioral effects in all females in groups A and B (see (crouched or standing) or examined their surroundings: observation period, and the animals remained active and healthy. Those females with pouch young continwhat little grooming did take place never involved the pouch or urogenital area.
Behavioral Observations after Injections with Prostaglandin
ued to suckle their young after the experiment. An instance of normal parturition was noted in one of the animals in group A shortly after injection of PGF 2a . The sequence of events was the same as in the DISCUSSION other animals in that group. The only observable differences between induced birth behavior and behavior asThis experiment provides support for the hypothesis of Rose (1984 Rose ( , 1986 ) that the hormones involved in sociated with actual parturition was that time was spent grooming the young in the pouch and of course parturiparturition are also involved in the control of pouch vacation. tion itself. None of the other females in groups A or C gave birth subsequent to the injections.
Prostaglandins cause pouch contraction, which will either stimulate the large pouch young to leave the The same sequence of behavioral events after injection also occurred in the male bettongs (group D) with pouch or prevent its reentry. However, as the bettong pouch contains very little smooth muscle, being comthe exception of pouch grooming. Penile extrusion was occasionally present and the male may have groomed posed mainly of striated or voluntary muscle (Dick, MacFadyen, and Rose, unpublished observations) , it is and licked the penis (although this was difficult to observe): apart from this the behaviors of male and female unclear how prostaglandins cause the contraction (they usually act on smooth muscle). They may operate upon were identical.
All the pouch young of females from group C vacated the central nervous system, resulting in closure of the pouch sphincter muscle and contraction of other musthe pouch after injection of prostaglandin and none were able to return until at least 1 hr after injection.
culature. Johnson and Everitt (1988) state that contraction of the voluntary pelvic muscles associated with the Subsequent to the young leaving the pouch, the mothers in this group all demonstrated repeated instances uterus may be stimulated by prostaglandin. It is known that stretching of skeletal muscle can cause the release of adopting the ''birth position.'' of PGF 2a (Vandenburgh et al., 1995) and that prostaglandins contribute to increased vasodilation of skeletal Behavioral Observations after Injection of muscle arterioles (Wilson and Kapoor, 1993) . In addiOxytocin tion, Higashida et al. (1984) have shown that prostaglandins may facilitate synaptic transmission in skeletal The sequence of events for groups A, B, and D was the same as after the prostaglandin injections although muscle cells. As the effect in the present investigation increased toward final pouch vacation, it argues for a there was a longer latency period (Fig. 3) until the first appearance of birth behavior (crouching in the corner change in prostaglandin receptors. We had previously shown that oxytocin had little effect on pouch contracwith tail forward and/ or intense grooming).
Statistical analysis of the results for prostaglandin tion; however, the observation period was only for 10 min (MacFadyen and Rose, unpublished observations). and oxytocin showed no difference between the groups of animals (df 2,24; F Å 0.841; P Å 0.443); however,
In the second series of experiments large young vacated the pouch of mothers that were injected with there was a very significant increase in the latency with oxytocin compared with that with the prostaglandin PGF 2a or oxytocin (group C) and remained out for at least 1 hr, despite frequent attempts by the young to treatment (df 1,24; F Å 82.412; P õ 0.0001). There was no significant interaction (P Å 0.847).
reenter the pouch. This indicates the role of these hormones in pouch vacation. After injection with oxytocin all animals in group C adopted the birth position after their young had
The second series of experiments also showed that the bettong responds to PGF 2a by exhibiting birth bevacated the pouch. The latency period until pouch vacation increased compared with the PGF 2a treathavior as previously shown in the tammar, brush-tail possum, and bandicoot. The dose we used was similar ment (t Å 4.495, P Å 0.011).
to the lowest of three dosages used by Shaw (1990) that were effective in the tammar wallaby. In fact every one Behavioral Observations after Injection of of 10 marsupial species that we have tested in our laboFinadyne Followed by Oxytocin ratory responds to PGF 2a with birth behavior (unpublished observations). In this series of experiments neither birth behavior nor pouch vacation occurred at any stage during the As prostaglandin has a very short half-life and as the
